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Higkquaiiry short interfering RNA (siRNAj Qii^ siRm Otgo ^lAem Servk» 
from G8AGEN dfom efficient gene sfertdfsg offers: 
in crtikaryoflc eel! afore by terg«tirtg 
complementary endogenous mRNA. This 

RNA fr.ferfer.s-Ke (Rt \ 
enaMes targeted ge«w silencmg in foncrtond # Custom and library siRNA reody to 

^NA oligonucleotide synthesis 
service that includes a range o* mcdificcrtions ♦ Expert advice on s*NA design 
«nd sis. ? sgainsi 

,..,„.,, ' ,. ♦ Labeled siRNA 




Multiplex P€R that simply works — the 
new Q1AGEN® Multiplex PCI Kit 
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s x v ^ - . rCR Kit is wofl suited 
■ J»x PCR applfcaliorts 
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The QiAGEN Multiplex PCR Kit ha; 
soccetsfully used for typing and anal 

of multiple DNA regions for SNP^r 
ond typing and detection of bocteri 
virys^s, A ssxscs&i protocol fof oropjif 
and analysis of microsateSites is also pr< 
In oddition, the kit contains o protocol 
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Highly efficient multiplex PGR using 
novel reaction chemistry 
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Abstract 

A new multiplex PCR kit has been introduced Urn! allows amplification 
of multiple gene targets wiihou! the need to optimize PCR conditions. 
In this Application Note, the kit was use 1 to m I >i > > targets it 
a single PCR step under standard conditions. Amount and purity of the 
PCR products has been confirmed iimii-; I be Vdienl 2 (Oft bioanalyzer. 
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Introduction 



Material and methods 



Results, and discussion 



PCR is a powerful t<--ii- 
mque enabling amplification of 
l.wo or more products in a single 
reaction, 'typically, ii is nsed for 
gonoi v] >i::M nppii; mmm- \Uim- 
simuliancoos analysis of multiple 
markers is required, such as typ- 
ing of normal and genetically mod- 
ified animals and plants, detection 
of palhogens or genetically modi- 
fied organisms (GMOs), or for 
mien tsai elii!e a! iai,\ Muli ii >|o\ 
assays can be ted ions and time- 
consuming to establish, requiring 
long! in optimization procedures, 
such as adjusting primer concen- 
iralions, Mg 2 ' concent ration, and 
the amount of enzyme. In many 
cases, the results are still dis- 
appoiniing and further extensive 
optimization may be required. 
However, due to novel develop- 
ments in the reaction chemistry, 
multiplex assays are now simple 
and straightforward lo t slabiish. 
The combined use of a highly 
stringent; hot start with a unique 
PGR buffer specially developed 
for multiplex reactions, makes 
the QIAGEN'* Multiplex PGR Kit 
highly suited for multiplex PGR 
applications. I'he newly developed 
reaction buffer, containing a 
special multiplex iVR-cnh;-memg 
symbolic fret or, eihmnai es f lie 
need for optimization — even 
when using eqummlm pnmm 
concentrations. In Ibis sindy, we 
describe the effecis of different 
reaction parameters and how 
the QIAGEN Multiplex PCR Kit 
minimizes Ihe need for optimiza- 
tion of multiplex PG R assays. 
The results were visualized using 
the Agilent 2100 bioanalyzer. 



Genomic DNA was isolated from 
human K562 ceils using the 
DNeasy® Tissue Kit and 20 ng 
were used as template for multi- 
plex PCR. PGR was performed 
using either QlACRN Multiplex 
PCR Master Mix (containing 
HotStarTaq® DNA Polymerase), 
i a urine ^tandai d Taq DNA poly- 
merase In an otherwise identical 
reaction mix: tire, or using a Taq 
DNA polymerase with antibody- 
medial ed hot start and KC1 reac- 
tion buffer from Supplier 1. Equal 
volumes of each multiplex PGR 
wot: analyzed on ihe Agilent IriOO 
bioanalyzer using the DNA 1000 
LabChip® kit according to the 
supplied instructions. 



Effect of hot start on multiplex PCR 
specificity 

Typically a primer concent rai ion 
of 0. 2-0.-) jiJVi is used in conven- 
tional PGR, in contrast, the total 
primer concentration in muiiipiex 
Pi R ■ an is, as hk-h a- 'i I pM, 
depending on the number of dif- 
ferent primer pairs in the reaction. 
The large number of primers often 
results in the generation of non- 
specific PGR products and primer- 
dinters, reducing the specificity 
and sensitivity of the multiplex 
PCR. Using a stringent hot start to 
increase PCR spec ificity can pre- 
vent Ren generation of these non- 
specific products. Figure 1 shows 
a comparison of hot-start: multi- 
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Effect of Hoi Start an Rfeftipiss PCR, Wissitiptex PCI? of 13 targets (95M355 hp) was carried out for 
35 cycles in a 50 |ii reaction wlmm nsing the standard proisfcsft in the GiAGEN iVMlintex PCR hand- 
book. Multiplex reactions wore carried out using aiAGEfi! fVSiiIfipiex PCR faster Mix (containing 
HotStarTaq DNA Polymerase) (QIAGEN fMtinSex PCR Kit) or standard Taq DNA Polymerase (Taq). 
Equal voiumos of each muttipiex PCR were analyzed on the Agilent 2180 bioanaiyzer using the DNA 
1000 LabChip kit. A. 6ei-iike image of eoiiected data. B. Eiectrorjisoretic trace of muifiptex PCR. 



plex PCR, using the QiACKN 
Multiplex PCR kit, and multiplex 
PCR. using a standard Taq DNA 
polymerase without a hoi star!. 
Analysis was carrier! on! on she 
Agilent 2 Hit! hioanaryzer usinsj ilu- 
UNA 1000 LabChip kit. Use of 
standard Taq i)NA polymerase 
results In ihe generation ui' large 
amounts of primer-dimers and 
low efficiency ul" ainplifical ion. 
its contrast, the stringent hoi start 
provided b.y HolSiarTaq ON A 
Polymerase in the QIAGEN Multi- 
plex PCR Kit leads to reproducible 
and efficient antplilu -at ion of ail 
13 PCR products without generat- 
ing nonspecific artifacts. 

Effect of novel muitipiex PCR buffer 
chemistry on primer annealing 

With multiplex PGR, the annealing 
efficiencies of the different primers 
in the reaction are usually dissimilar. 
Although it is possible to design 
primers that have a similar annealing 
temperature, the Tm of each primer 
does not. always provide a good 
ind'x aiion of its annealing efficiency. 
In addition, other factors such as 
the 3'-end sequence of primers 
may affect the efficiency of primer 
extension by Taq DNA polymerase. 
Efficient primer annealing and 
extension, irrespective of primer 
sequence, is achieved by a special 
synthetic factor in QIAGEN 
Multiplex PGR Master Mix. This 
synthetic factor increases the 
local concenlraiion of primers a! 
ihe template DNA and stabilizes 
specifically bound primers (figure 
2i. lit addition, nonspecific primer 
binding is av oided by a balanced 
combination of sails and ihe spe- 
cially optimized Nllj concentra- 
tion in the QIAGEN Multiplex PCR 
Master Mix. Nil,', which exists 
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Figure 2 

Effect of Novei Synthetic Factor and NH 4 + ions 
on Primer Annaaiing. 

Wtg St and other sails bind to phosphate groups 
IP) on the DNA backbone, which stahiiizes ihe 
annealing of the primers to the template. NlV, 
which exists both as the ammanium ion and as 
ammonia under thermai cyciing conditions, can 
interact with the hydrogen bonds between the 
bases, deslabiiizino, principally «=e weak hydro- 
gen bonds at mismatched bases (B) of non- 
sneeifieaily hound primers. The synthetic factor 
(S) pnshes the primers toward the template and 
stahiiizes specifically bound primers, enabling 
efficient extension of aii primers in the reaction. 




Figure 3 

Ettect of PCR Btrfter on fiflufciuiex PCR Multiplex PCR of 19 targets (98-955 hp! was carried oset for 
35 cycles using standard conditions i'Std; for the (tiAGEN Multiplex PCR kit without optimization, or 
iising the indicated Mg 2 * concentrations with a hot star! enzyme and snppiied KCi based buffer from 
Supplier !. Equal voiumes of each muitipiex PCR were analyzed on the Agilent 2100 bioassalyzer 
using the DNA 7590 labChip kit. A. Geiliise image of collected data. B. Electropharefic trace of 
muitipiex PCR. 



predominantly as ammonia (NH3) 
under thermal-* -yding conditions, 
interacts with (he relatively weak 
hydrogen bom is formed when 
primers hind nonspocjiloaliy to 
the template DNA aud destabilize 
these nonspecifieally bound 
primers. Figure 3 shows that in 
contrast to conventional PGR 
reagents, the formula! ism oi' the 
new Ql'AGKN Multiplex PGR 
Master Mix, ensures comparable 
efficiencies for annealing and 
extension of all primers in the 
reaction without further 
optimization. 



Conclusion 
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LabChip* and the LabChip Logo 
are registered trademarks of 
Caliper Technologies Corp in 
the U.S. and other countries. 



Establishing multiplex PCR assays 
is easy and fast using the QIAGEN 
Multiplex PGR Kit. Tedious opti- 

eliminated. These properties make 
the kit well suited for multiplex 
applications, including genofypmg 
of transgenic organisms, detection 
of pathogens or GMOs, and 
microsateliite genotyping (e.g., 

variable number tandem repeat 
(VNTR) analyses). The stringent 
hot start pro vided by HotStarTaq 

specific PGR products and primer- 
dimer formation in multiplex PGR, 
while a novel synibefio factor in 
the multiplex PGR buffer allows 
e!Ti« i<-Eit ann> ahuv «■! muHiplr 
primers under identical cycling 
rondibnns. Visnaii/alion oi 
multiplex PGR products can be 
perform. -d cffieienlly using the 
Agilent 2100 bioanaiyzer and DNA 
LabChip kits, because of the accu- 
rate sizing and iiiiani Station that 
can be achieved. 



Patented 0? pateii:-pe::d:::g technology and/or 
registered or rs: cj Is; tr : o:t 0 i n ij trademarks 
of the QiAGEN Group: QIAGEN® DNeasy*, 
HotStarTaq*'. 

Purchase of QIAGEN products for PCR is 

them inthe Polymerase'chain Reaction (PCR) 
process for research and development 
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the PCR process is covered by the up front 
license fee, either by payment to Applied 
B t ' st -as or - purr cosed ; e oo authorized 
rh. :o:.d '.,".!>;! tie PCR process is covered by 
US Pott < ' ami l i Kfj arid foreign 
equivalents I by Hi inn I a Roche AG 
Patents of third parties in certain countries 
may cover the process of multiplex PCR or of 
certain applications. 

N jrmat s subject 

to change without notice. 

Copyright dt03 Agilent le< hnolocnes 
All Rights Reserved. Reproduction, adaptation 
or translation wthow prsor written permission 
is prohibited, except as allowed under the 
copyright laws. 
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Name and Busine ss Address 

Dirk Loffert, Ph.D. 
Post Code 870 
Qiagen Str. I 
40724 Hilden 
Germany 

Overview and Research Interests 

Dirk Loffert, Ph.D., is Vice President Research & Development and Head of QIAGEN Sample & Assay 
Platform Technologies Global R&D. He joined QIAGEN in 1996. His responsibilities include 
technology and product development for sample preparation and assay solutions for the Life Sciences 
market including applications such as epigenetics analysis, genotyping and gene expression analysis. This 
comprises product development but also development of core technologies for sample collection, 
stabilization and biomoleeule isolation and t «t> e Sinologies >ucb as Pyro i-qucncing. PC R and real- 
time PGR and isothermal global and target-specific amplification technologies. 

Education 

Ph.D. in Molecular Biology and Immunology from the Institute for Genetics at the University of Cologne, 
Germany. 
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